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A novel method and a novel combined device i6t performing 
a pre- and postbrazing temperature controlled martensit- 
free brazing process using a controlled brazing temperature 



The present invention relates to a new method for brazing, for example, a 
5 connecting piece of electrically conductive material with a metal surface with 
the aid of a new brazing process, in which one regulates and controls, phase 
by phase, the temperature during pre-brazing temperature phases and post- 
brazing temperature phases of the brazing process, and the filler temperature 
during the very phase of joint fonnation, in order to obtain a martensite-free 
10 brazing with minimised energy consumption and increased safety. The result 
is thus a brazing without adverse structural changes (martensite fomiation) in 
the steel material after brazing while also achieving increased process secu- 
rity and optimisation of other factors. The present invention also describes a 
combined device for execution of the method, which can, however, also be 
1 5 combined with other types of brazing. 

The methodology development towards a martensite-free brazing process has 
been a step-by-step process. Swedish patent 9003708-6 (469 319) discloses 
a pin-brazing method minimising martensite formation, and Swedish patent 
0101686-0 (518 177) describes.a martensite-free brazing process. 

20 However, improvements of both the process and the devices for its execution 
would be desirable because of practical problem of the execution of the braz- 
ing itself, and the fact that it is desirable to be able to braze all types and sizes 
of, for example, connecting pieces of electrically conductive material. For 
large-size connections with a cable of a greater diameter, more energy must 

25 be supplied in order to achieve an acceptable brazing without the temperature 
during brazing sinking or rising beyond acceptable limits. 

Particulariy interesting is brazing with so-called silver filler material, where the 
melting temperature of the filler material is relatively high, for example, 650° C. 
In order to obtain a good brazing, the temperatures of both the filler material 
30 and immediately adjacent metal surfaces must exceed the filler's melting tern- 
perature. Therefore, the necessary brazing temperature must exceed the 
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filler's melting temperature, which in this context acts as a lower limit. If steel 
is heated to above approximately 720° C, structural changes occur in the ma- 
terial, which changes, if the temperature subsequently falls in an unfavourable 
way, eventually give rise to a pemianent structural change in the material 
(martensite formation). A way of avoiding martensite fonnation is to make sure 
the brazing temperature has a value lower than 720° C. Allowed values for the 
brazing temperature would thus be between 650° C and 720° C. Another way 
is to first raise the brazing temperature to a value higher than 720° C, and 
then let the temperature of the steel fail in a favourable way according to tradi- 
tional metallurgical principles so that a structural change of potentially danger- 
ous structures in the steel are allowed to take place In such a way that the end 
result is not a hardened steel (with martensitic structure). 

■ 

In prior art, the aim has been to set the brazing temperature to a value be- 
tween slightly above the filler's melting temperature and slightly below the 
critical temperature in steel for martensite formation. A certain power was fed 
to the parts of the braze joint, and the feed was interrupted when the brazing 
temperature was reached. With an appropriate combination of time and 
power, a connection of smaller dimension could be brazed with a martensite- 
free result. 

In brazing of large-dimension connections, the method has major disadvan- 
tages. It turns out the temperature in the joint s parts does not rise linearly as 
a function of time, but the temperature curve levels out over time. For exam- 
ple, at a certain, too low, power, the temperature Initially rises rather rapidly, 
but the inclination is then reduced successively, and the curve eventually lev- 
els out and approaches a limit value of, In this case, too low brazing tempera- 
ture. In this case, the brazing time may approach infinity without the right braz- 
ing temperature being reached. The reached temperature, however, remains 
rather stable. 

For example, at a certain, too high, power, the limit value lies much higher 
than the allowed value for the brazing temperature, so the brazing process 
must be intenupted rather quickly. In this case the process is inten^upted while 
the temperature increase of included joint parts is sharp, i.e.. the temperature 
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curve is steep. Variations in included parts, for example, volume, geometry, 
melting point, heat conductivity and other material-specific characteristics, the 
varying quality of the electric arc, variations in resistance between different 
carbon electrodes, operator- and device-dependent factors or other varying 
factors, give rise to a certain error margin regarding the reached temperature. 
In the example above with too high power, these sources of errors together 
with the sharply rising temperature curve lead to insecurity as to the reached 
brazing temperature. Thus, interrupting the energy feed when the temperature 
rises quickly leads to a too great error margin between desirable brazing tem- 
perature and actual brazing temperature. 

Therefore, an appropriate compromise between these two exbremes has had 
to be chosen, where the supplied power has been chosen so that the tem- 
perature curve at the interruption of the energy feed is flat enough for a nec- 
essary rather stable brazing temperature to be reached after an acceptably 
long time- 
Three important partial factors determining the number of brazings per battery 
charging and depending on the joint and process, in addition to the level of 
supplied power and the total energy consumption per brazing, are the mass 
and specific heat capacity of included material, the time period spent in the 
brazing process, and heat losses mainly by conduction. When brazing of 
large-dimension connections these factors have the following effects: 

1 . Large-dimension connections of the same material have greater mass and 
require more heat in order to reach the correct brazing temperature. 

2. Limitations in, for example, battery capacity call for prolongation of the 
brazing period In order to reach the correct brazing temperature, which, 
with a flat temperature curve, leads to increased energy consumption. 

3. Large-dimension connections lead to increased cooling losses mainly by 
conduction because of increased cable area, and increased area and vol- 
ume of the material in the vicinity of the braze joint. The cooling losses in- 
crease even more as the heat conductivity of the material itself increases 
with increased temperature. 
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In total, this means that brazing of large-dimension connections has been dif- 
ficult or impossible with prior-art technology. 

Furthermore, batteries are used as power source at the execution of brazings 
and it is therefore always a desire to save the energy needed for a brazing in 
order to be able to accomplish moiB brazings per battery before recharge. 

Another inconvenience has been the brazings that have failed for different 
reasons, for example, incorrect handling of the brazing gun by the operator, 
insufficient earthing, temperature, air humidity, different types of connections, 
cables and rail material. A failed brazing leads to a reduced number of ap- 
proved brazings before recharge of the battery is required, unnecessary con- 
sumption of material and extra woric effort from tfie operator, and also in- 
creased irritation. When working on, for example, railway rails, where time is 
limited, is it desirable to limit the number of intemiptions to a minimum. 

A problem has been that the process has not been able to handle distur- 
bances or errors in the brazing process once the energy feed has been 
started. The quality of the brazing has completely depended on the subjective 
judgement of the operator. If, for example, the build-up of heat in the electric 
arc has not been nomiai because of an occasionally poorly developed electric 
arc or intermittent failures of the arc during the brazing process, the process 
has continued without regard to this and without any feedback to the operator. 
Furthermore, if the electric arc has been prematurely extinguished before the 
intended time period has passed, the operator has not had any possibility to 
determine whether the interrupted brazing was planned or unplanned. Fur- 
thermore, if the arrangement has not managed to ignite the electric arc or if it 
has been extinguished during a brazing process, the arrangement has still 
been electrically conductive, and it has unfortunately been possible for an un- 
desired electric arc to arise when the operator has removed the gun from the 
connection or when the operator has manually touched the electrode still un- 
der voltage, or when the guard ring has partially come off and come into con- 
tact with the electrode, resulting in possible injuries for the operator and/or 
damage to the equipment. 

The operator has also run the risk of unintentionally starting a brazinq process 
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when setting or adjusting the lifting height of the electrode, resulting In risk of 
damaged adjustment equipment or other equipment, or injured personnel. 

Another practical problem has been the operator's way of handling the 
earthing using the metal ring provided in the front portion of the brazing gun. A 
5 secure brazing depends on how the operator applies the gun against the elec- 
trically conductive connecting piece. A tBted gun can result In the electric arc 
breaking and the brazing failing, Furtheimore, problems of braze-joint strength 
can arise if the electrically conductive connecting piece, for example, a cable 
shoe, is not oriented so that the braze joint is evenly thick. 

10 A problem of the cunrent brazing gun has been that dirt and gas have pene- 
trated into the gun through an axial bushing. This has created problems with 
the lifting mechanism. Furthermore, there is an electromagnet in the brazing 
gun, pulling the above-mentioned axis towards a rubber insert with a shock- 
absorbing effect. However, the elasticity of the insert is degraded because of 

1 5 its sensitivity to temperature variations and ageing effects, which is why the 
lifting height cannot be held constant for every brazing situation, which in turn 
means variations in the brazing outcome, that is, quality. 

The present invention relates to a new improved method for temperature con- 
trol and regulation of a brazing operation, and a new improved device for exe- 

20 cution of the method. Both the method and the device now allow for an exten- 
sion of the use to large-dimension material, and reduced consumption of en- 
ergy and material without negative structural changes (martensite formation) 
in the materials remaining after a completed brazing process. This is espe- 
cially important in the use on railway rails and other construction elements and 

25 structures under heavy load. 

An object is that an electronics unit contains a number of formulas. Every for- 
mula determines how the cun^ent or power, i.e., what is referred to as output in 
the application, varies over time for a special brazing situation. The operator 
selects and sets the fomiula that suits the material and conditions required by 
30 every brazing situation, and an optimal result is thus obtained. 

The electronics unit also has an interrupt procedure in the case of the electric 
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electric arc and completes the brazing with regard to the disruption. That way, 
loss of material and energy which would result from a fiailed, interrupted braz- 
ing is avoided. Furthermore, the additional work effort of removing the connec- 
tion and re-grinding the base material is avoided. 

5 Another object of the invention is that the electronics unit contains a detection 
and registering device providing information about the brazing process, and 
about battery status between the brazings. This infonmation is stored in the 
electronics unit where it is processed and communicated to the operator after 

i 

i 

a completed brazing. The information is also stored for retrieval at a later time, 
1 0 and it can then be retrieved in electronic or other fomi, for example, as an ac- 
knowledgement of the result of the brazings. 

Another object of the invention is that energy feed in the brazing process is 
further reduced by the electrically conductive connecting piece beiog knuried 
and/or blasted. Heat is transferred from an electric arc to a carbon layer on the 
15 workpiece released from the carbon electrode in the brazing gun. Subse- 
quently, the heat descends into the surface of the connecting piece of electri- 
cally conductive material. 

By this surface being knuried and/or blasted or exposed to other surface- 
modifying treatment, a larger interfacing surface is created, as compared to a 
20 smooth surface. The ratio of surface to mass consequently increases which 
results in a faster absorption of energy and consequently heating of the elec- 
trically conductive connecting piece. The energy feed can thereby be reduced 
with a maintained result of the brazing. 

Furthermore, another object is to reduce filler material when manufacturing 
25 the electrically conductive connecting piece. At the time of manufacturing, the 
brazing clip placed on the connecting piece, for example, a cable shoe, is par- 
tially pressed down into the electrically conductive material. Because the new 
process is so fast, no substantial oxidation will be fomied on the connecting 
piece's bottom surface or on the filler material before a metallic connection 
30 takes place. No flux between the filler and the electrically conductive connect- 
ing piece is needed. There is no need to make any holes in the bottom surface 
of the brazina clio when manufacturing. The brazing clip is now attached 



t 



wo 2004/103628 PCT/SE2004/00(>713 



sideways over the connecting piece and gets no protruding parts. This ar- 
rangement caterB for material conservation. Neither is there a need for holes 
on the top and/or bottom surface of the brazing clip, because the brazing clip 
is now locked with dual clamping tabs, instead of the previous, single clamp- 
5 ing tab. 

An object of the invention is the possibility to use larger and more heavy-duty 
connecting pieces of electrically conductive material, for example, cable 
shoes, and the possibility to use cables or threads which have a larger diame- 
ter to these connecting pieces. 

1 0 Another object of the present invention is the possibility to, in an easier and 
safer manner, ignite the electric arc in the brazing process and then maintain it 
so that it does not go out during the brazing process. This is achieved by im- 
pregnating the surface area of the carbon electrode with an oil-based product, 
for example, paraffin wax, petroleum jelly or similar. During the brazing proc- 

1 5 ess, this impregnation forms a gas that protects the electric arc. The end sur- 
faces of the electrode are, however, not impregnated. Therefore, in the start- 
ing moment when the electric arc is created, no energy is unnecessarily lost 
because of heating and gasification of the impregnatorfrom the end surfaces. 
This is important since it is desirable, initially in the brazing process, to raise 

20 the surface temperature of the electrically conductive connecting piece as fast 
as possible. An initial high temperature reduces the risk of the carbon layer 
later in the brazing process coming loose from the supporting surface and in- 
terfering with the electric arc. 

A further object is to give the operator a better possibility to more easily ac- 
25 complish a satisfactory earthing for a brazing. Earthing the electrically conduc- 
tive connecting piece via, for example, the railway rails is avoided because 
secondary arcs may be created between, for example, cable shoe and railway 
rails, which arcs may negatively affect the railway rails in the form of marten- 
site formation. Such a method leads to a greater risk of poor earthing because 
30 of high contact resistance between earthing device and rails, and between 
rails and connecting piece. Preparing the rails for earthing is a further work 
task. For a safer earthing, an earthed guard ring of meial is used, which ring is 
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brought into direct contact with the electrically conductive connecting piece, 
and in order for this guard ring to approach the electrically conductive work- 
piece perpendicularly, the ring is suspended in a gimballed gyro. Therefore, 
even if the operator tilts the brazing gun in another angle against the connect- 
ing piece, the central axis of the guard ring will not change its angle to the sur- 
face of the connecting piece, so the risk of poor earthing and/or extinguished 
electric arc is eliminated. 

A object is that, during the brazing process when the filler melts, a gyro sus- 
pension of the guard ring allows, for example, a cable shoe to be shaped ac- 
cording to the possibly uneven supporting surface, in such a way that an 
evenly thick filler column is obtained between the electrically conductive con- 
necting piece and the wori^piece. This owes to the fact that when, for example, 
the cable shoe becomes hot, it also becomes so soft that the operator's pres- 
sure on the brazing gun, which is fonwarded via the guard ring, shapes, for 
example, the cable shoe according to the supporting surface, regardless of 
whether the guard ring's angle towards the brazing gun, workpiece and/or 
connecting piece is changed during the brazing operation. 

Furthermore, it is an object that the electrode's lifting height remains constant 
and repeatable for every lifting movement. Therefore, the brazing gun con- 
tains a hydraulic continuous absortDer. It causes the electrode to be lifted at a 
slovyer, more controlled speed and achieves a stable lifting height time after 
time. In the back end of the brazing gun is an adjustment device for the lifting 
height to different positions. 

■ 

Another advantage of the present invention is that inserting an adapter in the 
electrode holder and selecting the appropriate fonnula in the electronics unit 
makes it possible to use the current brazing process for the old type of brazing 
pins and connecting pieces where there are no or lax requirements for mart- 
ensite-free brazings. 

m 

t 

Another advantage of the present invention Is that the guard ring acts as a 
mechanical overheating protection in such a way that if the process builds up 
surplus heat, the guard ring is softened by this heat and, because of the op- 
erator's pressure on the brazing gun, the shape of the guard rina is chanqed 
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and it penetrates deeper into its conical seat, whereby the distance of the 
brazing gun and the electrode to, for example, the cable shoe, is reduced. The 
reduced lifting height leads to a reduction in the electric arc's electric resis- 
tance. With a given current, this means reduced power build-up and results in 
the mechanical overheating protection. 

A further object of the present invention is that a protective boot is applied be- 
tween an axis and the front end of the brazing gun. That way, dirt and gas are 
prevented from entering into the brazing gun through the axial bushing. 

The characteristics of the present invention will appear from the appended 
claims. 

The present invention will now be more closely described with reference to the 
appended drawings, which show a preferred embodiment of the invention 
where: 

Figure 1 shows a schematic overview of some of the parts included in the 
brazing process. 

Figure 2 is a graph 1 showing the current or power, I.e., the output in relation 
to the time during the brazing process for a fomiula. 

Figure 3 is a graph 2 of another formula. 

Figure 4 is a graph 3 of yet another formula. 

Figure 5 is a graph 4 of a formula. 

Figure 6 is a graph 5 of yet another fonnula. 

Figure 7 is a graph 6 of a specific situation. 

Figure 8 is a graph A showing the resulting temperatures at different applica- 
tions of prior art 

Figure 9A shows the components included in an electrically conducive con- 
necting piece excluding the brazing clip. 

Figure 9B shows an electrically conductive connecting piece with an un- 
mounted brazing clip. 

Figure 10 shows an electrically conductive connectina oiece with a brazina 
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clip partially pressed into the homogeneous plate. 

Figure 1 1 shows how the carbon electrode and the guard ring, which are 
joined with the brazing gun, work on an electrically conductive connecting 
piece. 

Figure 12 shows how a carbon electrode, which is joined with the brazing gun, 
is moved towards an electrically conductive connecting piece in the forni of a 
cable shoe. 

Figure 1 3 shows how a carbon electrode together with a guard ring, which are 
joined with the brazing gun, are moved towards an electrically conductive 
connecting piece in the form of a cable shoe. 

Figure 14 shows how a guard ring from the brazing gun earths the connecting 
piece. 

Figure 1 5 shows how the electrically conductive connecting piece in the fonn 
of a cable shoe is moved towards a workpiece by the brazing gun via a carbon 
electrode and guard ring. 

Figure 1 6 shows the bottom of an electrically conductive connecting piece in 
the form of a cable shoe with a pressedL-on brazing clip. 

Figure 17 shows what happens in the brazing process regarding polarity. 

Figure 18 A shows a knurled connecting piece without brazing clip. 

Figure 1 8 B shows a schematic cross-section of an electric arc between a 
carbon electrode and a cable shoe/carbon layer. 

Figure 18 C shows a picture of a cable shoe from above vvith a carbon layer 
on the top surface. 

Figure 1 8 D shows a cable shoe with a cavity on the top surface. 

Figure 1 8 E shows variants of the cavities in shape, number and position on 
the cable shoe's top surface. 

Figure 18 F shows a cross-section view the effect of the cavity on the released 
carbon layer's thickness and geometric shape. 

Figure 19 shows the polarisation in a brazing process according to previous 
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methods. 

Figure 20 shows the polarisation of the present brazing process with a knurled 
and/or blasted or in other ways surface-modified connecting piece of electri- 
cally conductive material. 

5 Figure 21 shows an impregnated carbon electrode being moved towards a 
knurled connecting piece of electrically conductive material. 

Figure 22 shows the principal parts included in a gyro and guard ring. 

Figure 23 is a picture of a gyro when the brazing gun is tilted, and a carbon 
electrode and a guard ring. 

10 Figure 24 shows the principal parts included in a gyro as well as a carbon 
electrode, an electrode holder and a guard ring. 

Figure 25A shows a gyro with a carbon elec^ode in a tilted position. 

Figure 25B shows a gyro with a carbon electrode in a. position tilted in another 
direction. 

15 Figure 26A shows a cross-section view of a ring holder, inserted in an inter- 
mediate ring. 

Figure 26B is another view of the same parts. 

Figure 26C shows how the ring holder and the intermediate ring are joined 
with a fixed joint. 

20 Figure 26D is another view of the same parts. 

Figure 26E shows a complete gyro link including a carbon electrode and a 
guard ring. 

Figure 27 shows a gyro with a carbon electrode and a guard ring before start 
of the brazing process. 

25 Figure 28 shows a cross-section of a ring holder with a guard ring mounted in 
a somewhat tilted position. 

Figure 29 shows a cross-section of the ring holder with a guard ring inserted 
straight into the ring holder. 
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Figure 30 shows a cross-section of a guard ring in a ring holder where the 
guard ring has been deformed by heat and pressure. 

Figure 31 shows a picture of a tilted gyro with a guard ring. 

Figure 32 shows a picture of the same gyro at another tilt angle. 

5 Figure 33 shows parts included in the front portion of the brazing gun against 
the connecting piece. 

Figure 34 shows some parts mounted. 

Figure 35 shows the parts mounted; some are shown in cross-section. 

Figure 36A is a view from another angle of the mounted parts. 

1 0 Figure 36B shows a shape transition of the guard ring as a result of overheat- 
ing. 

Figure 37 shows an electrically conductive connecting piece in a brazing 
process where the brazing gun has a nonnal position of 90 degrees. 

Figure 38 is the same view but where the brazing gun does not form a 90- 
15 degree angle with the supporting surface. 

Figure 39 is also the same view but with an angular offset in the other direc- 
tion. 

Figure 40 shows an electrically conductive connection to be brazed onto a 
non-planar workpiece. 

20 Figure 41 shows an electrically conductive connection that has been secured 
onto a non-planar workpiece. 

Figure 42 shows how the filler is melted off asymmetrically during the brazing 
process. 

Figure 43 shows a complete brazing where the filler has completely melted. 

25 Figure 44 is a side elevatibnal view of a brazing gun. 

Figure 45 is a side elevational view of a brazing gun with Its front portion in 
cross-section. 

Figure 46 is the same side elevational view of the brazing gun but with a tilted 
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gyro. 

Figure 47 is an exploded view of the front portion of the brazing gun. 

Figure 48 is an exploded view of the front portion of the brazing gun for braz- 
ing with other types of brazing pins. 

Figure 49 is a back view of the brazing gun. 

Figure 50 Is a front view of the brazing gun. 

. Figure 51 Is a side elevational view of a brazing gun with its end portion in 
cross-section. 

Figure 1 shows a schematic overview of some of the parts included in the 
brazing process; it shows a general picture of the brazing process from its 
power source which is a battery 1 from where the current Is fed to the elec- 
tronics unit 2 via circuitry 6. On the electronics unit 2 there is a display 3 and a 
sound device 4. The electronics Unit 2 receives and processes Incoming in- 
formation and data from the brazing gun 7 via its power-supply drcuitry and 
signal cable 5 and incoming data from the battery 1 via a circuitry 6. In the 
electronics unit 2 there are a number of pre-programmed formulas where 
every formula has unique attributes as to how the current or power, output, Is 
to vary over time for a specific brazing situation. The operator selects a for- 
mula with the aid of the formula selector 37 which suits the specific brazing 
situation adapted to material and conditions required by the specific brazing 
situation. The electronics unit 2 also contains a detection and registration de- 
vice, which provides information about what is happening during the brazing. 
This infomiation is stored and processed in the electronics unit 2 and for- 
warded to the operator after completed brazing by way of a display 3 and/or 
the sound device 4. The information can also be stored for retrieval at "a later 
time in electronic or other form via one of the data ports 35. This acts as an 
acknowledgement of the result of the brazing. The electronics unit 2 also con- 
tains communications ports 35 for connection of external equipment, for ex- 
ample, printers, programming equipment, and data communications equip- 
ment. There is also a power and charging port 36 for battery-powered equip- 

* 

ment and charging equipment. Also visible are a formula selector 37 and an 
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alarm-acknowledgement function 38. 

When the power switch 8 closes an electric circuit, a carbon electrode 9 
mounted in the electrode holder 39 will initially short-circuit the circuit against 
a connecting piece 1 1 of electrically conductive material, for example, a cable 
shoe, and aftenwards. when the carbon electrode 9 in the brazing gun 7 lifts 
from the connecting piece 1 1 , ignite an electric arc which, protected by the 
guard ring(s), will work on the surface of the connecting piece 11. The con- 
necting piece 11 will be brazed onto the workpiece 12. 

Figure 2 is a graph 1 showing the cuirent or power, i.e., output in relation to 
time during the brazing process according to a specific formula. The output 
scale of the graph is one of many possible scales depending on the conditions 
before a brazing. Output indicates an average power in the electric arc 34 and 
the electrode 21 , alternatively delivered average current. A constant output 
makes the temperature rise and level out on the desired value. The output 
values are chosen to reach a stable final temperature in the brazing. The 
filler's melting point is about 650 degrees Celsius. When the temperature ex- 
ceeds 720 degrees Celsius in steel which subsequently cools off fast, marten- 
site is formed. "Filler temp" indicates the brazing clip's temperature on the bot- 
torn of the connecting piece 1 1 . The time is very short and depends on the 
working material, heat losses, filler material, etc. 

Figure 3 is a graph 2 of another formula where it is desired to reduce the total 
brazing period. In order to shorten the total brazing period, the output can vary 
over time, so that a higher initial output gives a faster heating, so that lower 
output can then be applied and an appropriate final temperjature is reached, 
with sufficient error margin. The maximum value of the initial output is chosen 
so that the energy consumed from the batteries does not lead to unnecessary 
limitation of the number of possible brazings because of battery failure. Fur- 
thennore, it is a fact that short time during the brazing process allows less 
time for oxidation between the connecting piece 1 1 and the underiying filler, 
and less risk for disturbances, and it facilitates the operator's woric A further 
reason why shorter brazing periods are desired is that heat losses are re- 
duced, via heat, radiation and convection. 
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Figure 4 is a graph 3 of yet another formula where a continued division of out- 
put into appropriate levels yields further time gains with maintained control of 
the final temperature. 

Figure 5 is a graph 4 of another fomiula. Here, a final output stage makes the 
temperature in, for example, heat-affected railway rails fall to an appropriate 
value during an appropriate time period, where re-formatlon of any martensite 
can come about. A de-curing process takes place. Temperature and time pe- 
riod are material-specific for different alloys of steel. 

Figure 6 is a graph 5 of yet another formula which yields an even greater time 
gain in the brazing and a more secure brazing. During the brazing process, 
material is released from the electrode 9, settling as a carbon layer 27 on the 
connecting piece 11. for example, a cable shoe. If this carbon layer 27 comes 
. loose from the cable shoe 1 1 , it can negatively affect the electric arc so that it 
becomes unstable or goes out. The bond strength of the carbon layer 27 to 
the cable shoe 11 is improved if the temperature of the cable shoe's 11 sur- 
face of, for example, copper, is rapidly raised to a high value. The graph 5 in 
the drawing shows a short initial output of high intensity, which leads to faster 
heating of the cable shoe's 11 surface layer where the carbon-material layer 
27 will fall. The stage is so brief that the risk of battery failure is minimal. 
Short, intense, high output gives better bond strength between the carbon 
layer 27 and the cable shoe 1 1 , and thus a more secure brazing and reduced 
risk of the electric arc in the brazing process being disturbed or extinguished. 

Figure 7 is a graph 6 of a specific situation. The graph 6 in the drawing shows 
the result of an interaiption in output The temperature curve "Planned temp" 
equals the one shown in Figure 2 for graph 1. If, for some reason, the electric 
arc 26 is now extinguished during the brazing process, the output will be inter- 
rupted, which is detected by the electronics unit 2. The electrode 9 is then 
lowered towards the surface of the cable shoe 1 1, whereupon it is lifted anew 
and the electric arc 26 is restarted. This procedure is repeated a number of 
times until the electric arc 26 is ignited. Graph 6 of the drawing shows an out- 
put interruption with a con-esponding fall in temperature. When output is re- 
sumed, the brazing is completed. The total time is prolonged, owing both to 
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the actual time loss during the intermption. and to the compensation for the 
fall in temperature during the interruption. This interrupt procedure prevents 
the loss of material and energy that would be the result of a failed, interrupted 
brazing. Furthermore, the additional work effort of removing the connection 
and re-grinding the base material is avoided. 

Figure 8 shows in principle how different power levels, in the use of prior art, 
makes the temperature of the braze joint change, and shows that a compro- 
mise between, on the one hand, brazing temperature accuracy, and, on the 
other hand, time and energy consumption, for a brazing are necessary in or- 
der to complete a brazing. At too high power and too short time periods, the 
inaccuracy of the brazing temperature is too high because of variations in In- 
cluded parts, in the process and the handling by the operator. Too low power 
yields either unmanageably long brazing-process times or a stable final tem- 
perature below desirable brazing temperature. 

Figure 9A shows the components included in an electrically conductive con- 
necting piece 1 1 excluding the brazing clip, and a cable or a thread 1 3 can be 
seen which is to be inserted into a ring 14, and from the other direction, an 
end portion 15 is inserted into the ring 14. The end portion 15 is made of a 
rectangular compact piece which has been formed and which also has a flat 
portion 16 on which the electric arc 26 in the brazing process is working. The 
border between the flat portion and the formed portion is semicircular and 
comprises a raised guiding edge 1 7. This semicircular fomi is adapted to a 
guard ring 21 in the brazing gun 7. 

Figure 9B shows an electrically conductive connecting piece 1 1 in the form of 
a cable shoe and a brazing clip 18 with two clamping tabs 19, where this braz- 
ing clip 18 is to be slipped onto the flat portion 16 of the cable shoe 11: Be- 
cause the new process is so fast, no substantial oxidation will be fomied on 
the connecting piece's 1 1 bottom surface or on the filler material before a me- 
tallic connection takes place. No flux between the filler 1 8 and the electrically 
conductive connecting piece 1 1 is needed. There is no need to make any 
holes In the bottom surface of the brazing clip when manufacturing. A thread 
or a cable 1 3 can also be seen. Thanks to the an-angement with two de- 
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pressed clamping tabs instead of one, the brazing clip is more securely fas- 
tened. Therefore, no holes are needed on the top surface of the brazing clip. 
At the same time, this aoangement caters for conservation of material. 

Figure 10 shows the electrically conductive connecting piece 1 1 in the fonn of 
a cable shoe with the clamping tabs 19 of a brazing clip 18 pressed into the 
fiat portion 16 while the short sides 20 of the brazing clip 18 are outside the 
flat portion 16. No holes are needed on the top surface of the brazing clip 18 
because the brazing clip 18 is now locked with dual clamping tabs 19. Also, 
larger and more heavy-duty connecting pieces 1 1 of electrically conductive 
material can now be used, as well as cables or threads 13 of larger diameter. 

Figure 1 1 shows how the carbon electrode 9 with a guard ring 21 from the 
brazing gun 7 works on an electrically conductive connecting piece 1 1 in the 
fomn of a cable shoe and the operator by pressure secures the cable shoe 1 1 
via the guard ring 21 onto the workplece 12. The bottom of the brazing clip 18 
and its short side 20 can also be seen. 

Figure 12 shows how a carbon electrode 9 is moved towards an electrically 
conductive connecting piece 1 1 in the form of a cable shoe, and the semicir- 
cular raised edge 17 can be seen, which is adapted to the guard ring 21. It 
can be seen that the clamping tabs 19 of the brazing clip 18 are pressed down 
into the flat portion 16, which happens already in manufacturing. Furthemiore, 
the surface area of the carbon electrode 9 is impregnated with an oil-based 
product, for example, paraffin wax, petroleum jelly or similar. During the braz- 
ing process, this impregnation forms a gas that protects the electric arc. The 
electric arc can then more easily and safely be ignited in the brazing process 
and maintained so that it does not go out during the brazing process. 

The end surfaces 22 of the electrode are, however, not impregnated. There- 
fore, in the starting moment when the electric arc is created, no energy is un- 
necessarily lost because of heating and gasification of the impregnator from 
the end surfaces 22. This is Important since it is desirable, initially in the braz- 
ing process, to raise the surface temperature of the electrically conductive 
connecting piece 1 1 as fast as possible. An initial high temperature reduces 
the risk of the carbon laver 27 later In the brazina nrocftR.«; nnminn inns** frnm 
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the supporting surface and interfering with the electric arc 26. 

Figure 13 shows how a carbon electrode 9 together with the guard ring 21 are 
moved towards an electrically conductive connecting piece 1 1 in the form of a 
cable shoe and where the guard ring 21 fits into the semicircular raised edge 
17. 

Figure 14 shows a guard ring 21 from the brazing gun 7. The guard ring 21 is 
connected to earth in the electric circuit. It can be seen how the carbon elec- 
trode 9 and the guard ring 21 are pressed down against the cable shoe 11, 
and the latter is earthed before the brazing process starts. 

Figure 1 5 shows the electrically conductive connecting piece 1 1 in the fomi of 
a cable shoe, and from the brazing gun 7 the carbon electrode 9 is pressed, 
together with the guard ring 21, down against the cable shoe 1 1, and the bot- 
tom of the brazing clip 13 and its short side 20 can be seen, and everything is 
pressed down against the workpiece 12. 

Figure 16 shows the bottom of an electrically conductive connecting piece 1 1 
in the fonm of a cable shoe with a brazing clip 18 where the side edges 23 of 
its bottom are pressed into the cable shoe 1 1 to secure the clip 18, and its 
lower middle portion 24 is placed outside of the connecting piece 1 1 so that it 
can melt out during the brazing process and form a braze joint. 

Figure 17 shows what happens in the brazing process regarding polarity. The 
brazing gun 7 with the cartaon electrode 9 is moved directly towards the con- 
necting piece 1 1 . When voltage is later applied, the carbon will be the positive 
pole and the cable shoe will be the negative pole. These two get opposite po- 
larity; in some cases, the reverse polarity is chosen. 

Figure 18 A shows a knurled connecting piece 11, and the knuriing 25 -on the 
top surface 16 of the cable shoe's 11 can be seen. The cable shoe 1 1 can 
also be blasted and/or provided with cavities. The energy feed in the brazing 
process is also further reduced by the electrically conductive connecting piece 
1 1 being knuried and/or blasted. Heat is transferred from an electric arc to a 
cartjon layer 27 on the top surface 16 of the connecting piece 1 1 , which sur- 
face was released from the carbon electrode 9 in the brazing gun 7. After- 
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wards, the heat descends to the surface of the connecting piece 11 of electri- 
cally conductive material. By this surface being knurled 25 and/or blasted or 
exposed to other surface-modifying treatment, a larger interfacing surface is 
fomied as compared to a smooth surface, which results in a faster absorption 
of energy and consequently heating of the electrically conductive connecting 
piece 11. That way. the energy feed can be reduced while the brazing result is 
maintained. 

Figure 18 B shows a schematic cross-section of an electric arc 26 between 
carbon electrode 9 and cable shoe 1 1. Via the electric arc 26 material is 
transpori:ed from the carbon electrode 9, which settles as a carbon layer 27 on 
the cable shoe 11. The carbon layer's 27 tendency to come loose from the 
supporting surface is mainly detemiined by three factors, namely: 

1 . The temperature of the supporting surface during the initial phase of the 
brazing process. 

2. The structure and geometric shape of the supporting surface. 

3. The thickness of the carbon layer 26. 

The tendency to come loose increases when brazing more heavy-duty con- 
nections 11, for example, cable shoes of a greater mass where more energy 
is required to obtain a good brazing. By the use of the knuriing or blasting de- 
scribed in Figure 18 A, the carbon layer's bond strength is improved. With the 
appropriate fomiula together with the above-mentioned knurling/blasting, a 
high initial temperature can be reached, which has a positive effect on the 
bond strength. 

Figure 18 C shows a picture of a cable shoe 1 1 from above with a carbon 
layer 27 located on the top surface 16. 

Figure 18 D shows a cable shoe 1 1 with a cavity 28 on the top surface 16. To 
further Improve the carbon layer's 27 bond strength, the cable shoe 1 1 is pro- 
vided with one or a few cavities 28 in the top surface of its flat portion 16. 

Figure 18 E shows variants of the cavity 28 as regards shape, number and 
position on the cable shoe's 11 flat portion 16. 
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shape of the released carbon layer 27. In order to reduce the carbon layer's 
27 thickness, the cable shoe 1 1 is provided with one or a few cavities 28, 
adapted in size and shape so that a satisfactory reduction of the carbon 
layer's 27 thickness in the adjacent area is achieved when the cavity 28 ab- 
sorbs carbon composition from the environment, which, in other cases would 
have resulted in a thicker carbon layer 27. The cavity and/or the cavities 28 
also act geometrically as anchoring points for the carbon layer 27. which in- 
creases the bond strength. 

Figure 19 shows the polarisation of a brazing process according to previous 
methods. A smooth surface reflects heat, which is why increased heat losses 
occur, and consequently an increase in the cunrent or the energy consump- 
tion. The brazing process will take more time and consequently allows greater 
heat loss through heat conduction and consequently further increases the cur- 
rent or energy consumption. The drawing also schematically shows an even 
distribution of electrons and electron holes. 

Figure 20 shows the polarisation of the present brazing process with a knuried 
connecting piece 1 1 of electrically conductive material. Thanks to a knuriing 
25 and/or blasting or other surface-enlarging treatment, a larger interfacing 
surface is created as compared to a smooth surface, which results in faster 
absorption of energy and consequently heating of the electrically conductive 
connecting piece 11 . The energy feed can thus be reduced without degrada- 
tion of the brazing result. Heat losses via heat conduction are reduced further 
because of the fast brazing process. The uneven surface results in the elec- 
tron concentration occurring in local peaks, which facilitates for the electric arc 
to be ignited and maintained. 

Figure 21 shows an impregnated carbon electrode 9 which is moved towards 
a knuried connecting piece 1 1 of electrically conductive material. During the 
brazing process, the impregnation of the carbon electrode's 9 surface area 
protects the electric arc 26, and the cable shoe's 1 1 knuried surface 25 leads 
to a larger interfacing surface area, and thus the energy absorption takes 
place in a shorter time period, but the desired temperature is fully reached and 
energy feed during the brazing process can be interrupted at an eariier stage. 
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Consequently, energy is conserved and the battery 1 can be used for more 
brazings before recharging is necessary. 

Figure 22 shows the principal parts included in a gyro. On the outer edge of 
the brazing gun is the carbon electrode 9 and it passes through a guard ring 
21. In pin brazing according to previous methods, it has been important, when 
the gun is pressed down against the connecting piece 11 . that the guard ring 
21 has been in flat contact with the connecting piece 11. This has been one of 
the operator's main problems. The gyro of the brazing gun 7 solves this prob- 
lem. The guard ring 21 is inserted into the ring holder 29 and is manoeuvred in 
through the cylindrical portion 30 in the ring holder 29 and is stopped by a 
conical portion 31 inside the cylindrical portion 30, Furthermore, there is a stop 
ledge 32 which comprises an extra protective measure for the guard ring 21. 
The ring holder 29 with Its included parts is then inserted into a cylindrical 
movable middle portion 33 of the suspension device, which, in turn, is linked 
together with a fixed joint 34 which is joined with the brazing gun 7. 

Figure 23 shows a picture of a gyro when the brazing gun 7 is tilted. The 
spring-loaded carbon electrode 9 can be seen when it is in its outemiost posi- 
tion, along with the guard ring 21 which is Inserted into the ring holder 29 
which Is secured in a cylindrical, movable middle portion 33, which is linked 
together with a fcced joint 34 which is joined with the brazing gun 7. 

Figure 24 shows the principal details Included in a gyro. An electrode holder 
39 can be seen where the carbon electrode 9 is to be Inserted, and these are 
then passed through fixed joint 34 joined with the brazing gun 7, and a cylin- 
drical, movable middle portion 33 and a ring holder 29 and a guard ring 21. 

Figure 25 A shows a gyro device partially in cross-section In a tilted position 
with a carbon electrode 9 secured in the electrode holder 39 where these are 
angularly locked in relation to the gun 7 and consequently also the fixed por- 
tion 34 of the gyro. The different parts of the gyro co-operate to prevent the 
carbon electrode 9 from coming into contact with the guard ring 21 when tilted. 
The movable cylindrical middle portion 33 and the fixed portion 34 can also be 
seen. 
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electrode 9 secured in the electrode holder 39. The guard ring 21 is movable 
in relation to the brazing gun 7 and the fixed portion 34. The ring holder 29 
and the cylindrical, movable middle portion 33 and the fixed portion 34, that is, 
the gyro suspension itself, allows the angle of the guard ring 21 to be varied in 
5 relation to the brazing gun 7 and the fixed portion 34. 

Figure 26 A shows a ring holder 29 in cross-section, inserted into an interme- 
diate ring 33. The ring holder 29 and the intermediate ring 33 are rotatably 
secured to each other around an imaginary first axis extending through the 
hole 60 of the ring holder and the hole 61 of the intermediate ring. 

Figure 26 B is another view of the same parts, where it can be more cleariy 
seen that the angle between the central axes of the ring holder 29 and the 
Intermediate ring 33 cannot exceed a set value because the details then inter- 
fere with each other. The motion of the ring holder 29 in relation to the inter- 
mediate ring 33 is limited. 

Figure 26 C shows partially in cross-section how ring holder 29 and intennedi- 
ate ring 33 are joined with a fixed joint 34. The intermediate ring 33 is rotatably 
secured into the fixed joint 34 around an imaginary other axis extending 
through the hole 63 of the fixed joint 34 and the hole 62 of the intemiediate 
ring 33. This imaginary other axis is not parallel to the first imaginary axis, and 
does not need to be in the same plane. 

Figure 26 D is another view of the same parts, where it can be more cleariy 
seen that the angle between the central axes of the intemiediate ring 33 and 
the fixed joint 34 cannot exceed a set value because the details then interfere 
with each other. The motion of the intermediate ring 33 in relation to the fixed 
joint 34 is limited. 

Figure 26 E shows a complete gyro link including a carbon electrode 9 and a 
guard ring 21. The suspension of the guard ring 21 in the fixed joint 34 by way 
of the ring holder 29 and the Intemiediate ring 33 allows its central axis to as- 
sume a deviating angle and/or direction in relation to the carbon electrode's 9 
central axis. The size of this deviation is limited by the geometry of the in- 
cluded parts in such a way that the guard ring 21 can never come into direct 

contact M/ith tho /»arf>r>r> Alar^-rni-lo O 
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Figure 27 shows a mounted gyro with a carbon electrode 9 and a guard ring 
21 before the start of the brazing process. The carbon electrode 9 is then po- 
sitioned under the lower edge of the guard ring 21 . These are the positions 
when the brazing gun 7 with its included parts is in contact with the electrically 
5 conductive connecting piece 1 1 , for example, a cable shoe, before the gun 7 
with the aid of the electromagnet 65 lifts the cartDon electrode 9 and an electric 
arc 26 is created. The drawing then shows the entire ring holder 29 and the 
electrode holder 39. 

Figure 28 shows a cross-section of the ring holder 29 with a guard ring 21 
1 0 mounted In a somewhat tilted position and Inserted into the ring holder 29. In 

* 

the ring holder 29 there is a cylindrical portion 30 which directs the guard ring 
21 and prevents an excessive tilt of the guard ring 21 when mounting. The 
conical portion 31 of the ring holder 29 secures the guard ring 21 by clamping 
when the latter is inserted, even if it is tilted by the operator. Inside the conical 
1 5 portion 31 there is also an extra security device in the fomi of a stop ledge 32. 
The tilt-limiting cylindrical portion 30 of the ring holder 29 prevents an exces- 
sively tilted guard ring 21. 

Figure 29 shows In cross-section the ring holder 29 with a guard ring 21 which 
is perpendiculariy Inserted into the ring holder 29 by way of the cylindrical por- 
20 tlon 30 and which is secured against the conical portion 31, and inside the 
latter, as an extra security device, the stop ledge 32 is provided. 

Figure 30 shows in cross-section the guard ring 21 in a ring holder 29 where 
the lower portion 50 of the guard ring 21 has been deformed by heat and 
pressure, and has been depressed and compressed against the conical por- 

25 tlon 31 of the ring holder 29. The guard ring 29 with its included parts 30. 31 
and 32 comprises a mechanical overheating protection. This situation occurs if 
the brazing process builds up surplus heat whereby the guard ring 21 is sof- 
tened and, because of the operator's pressure on the brazing gun 7, the 
shape of the guard ring Is transformed and it penetrates deeper into its conical 

30 seat 31 , whereby the distance of the brazing gun 7 and the electrode 9 to, for 
example, the cable shoe 11, is reduced. With current maintained in the sub- 
process, this means reduced power build-up and the mechanical voltage 
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surge protection is activated. With power maintained, tlie change of the elec- 
tric arc's 26 resistance is detected by the electronics unit 2 which, in real time, 
corrects the fomnula for this. 

Figure 31 shows another view of a tilted gyro with a guard ring 21 inserted into 
the ring holder 29 which is placed inside the movable, cylindrical middle por- 
tion 33 which is placed in the fixed joint 34. 

Figure 32 shows a view of the same gyro with another tilt angle and the prin- 
cipal included parts - the fixed joint 34, the middle portion 33 and the ring 
holder 29 are shown - and a guard ring 21 mounted in the ring holder 29. The 
gyro thus allows a tilt in all different directions and the cartx)n electrode 9 will 
never touch the guard ring 21. 

Figure 33 shows the parts included in the front portion of the brazing gun 7 
against the connecting piece 11, and at the very end the guard ring 21 can be 
seen; then come the ring holder 29, the cartaon electrode 9 and the electrode 
holder 39. 

Figure 34 shows some parts mounted and the picture shows the guard ring 21 
mounted in the ring holder 29 and the carbon electrode 9 being secured in the 
electrode holder 39. 

Figure 35 shows all the parts mounted, and some are shown in cross-section. 
The guard ring 21 is pulled into the cylindrical portion 30 of the ring holder 29 
and is secured by pinching in the conical portion 31 of the ring holder 29. It 
can be seen how the guard ring 21 is in a somewhat tilted position in its left- 
hand portion in this cross-section view. The carbon electrode 9 is inserted into 
the electrode holder 39 and these are inserted into other parts. 

Figure 36A is a view from another angle of the mounted parts, and It can be 
better seen how the.cariaon electrode 9 is positioned further in under the out- 
ermost edge of the guard ring 21. Furthennore. the guard ring 21 is mounted 
perpendiculariy into the cylindrical portion 30 of the ring holder 29. The conical 
portion 31 of the ring holder 29 and the electrode holder 39 are also shown. 

Figure 36B shows the defomiation that takes place when the guard ring 21 is 
overheated and softened, and deformed by the operator's pressure and 
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pressed deeper into the conical portion 31 of the ring holder 29. 

Figure 37 shows an electrically conductive connecting piece 1 1 in a brazing 
process where the brazing gun 7 has a nomial angle of 90 degrees in relation 
to the electrically conductive connecting piec?e 11. The carbon electrode 9 and 
the guard ring 21 are the parts positioned in the front of the brazing gun 7, and 
they here represent the entire brazing gun 7. The brazing gun 7 is in flat con- 
tact with an electrically conductive connecting piece 1 1 , which in this case is 
comprised by a cable shoe 1 1 . The picture shows that the cable shoe is pro- 
vided with a brazing clip and the underlying middle portion 24 of the brazing 
clip can be seen along with its protruding short side 20. The cable shoe 1 1 
with the brazing clip is in contact with a workpiece 12 to which it will be 
brazed. 

Figure 38 is the same view except that the brazing gun 7 with the carbon elec- 
trode 9 does not have a 90-degree angle in relation to the supporting surface. 
The gyro of the brazing gun 7, in which gyro the guard ring 21 is mounted, 
then makes sure the cable shoe 1 1 with the underlying middle portion 24 of 
the brazing clip is in flat contact with the workpiece 12. 

Figure 39 is the same, view as before but with an angular offset in the other 
direction of the brazing gun 7. The brazing gun 7 is tilted in the other direction, 
which means that the brazing gun 7 can move without affecting the cable 
shoe's 1 1 position; this is thanks to the gyro provided in the brazing gun 7. 
Therefore, even if the operator tilts the brazing gun 7 in another angle towards 
the connecting piece 11, the central axis of the guard ring 21 will not change 
its angle to the surface of the connecting piece 1 1, so the risk of poor earthing 
and/or extinguished electric arc 26 and/or an unevenly thick braze joint and 
disturbed filler solidification is eliminated. 

Figure 40 shows an electrically conductive connection 1 1 to be brazed against 
a non-planar workpiece 40. The drawing shov\^ a cable shoe 1 1 with a cable 
or thread 13 and the short side 20 of a brazing clip. The brazing gun 7 repre- 
sented by the guard ring 21 with the carbon electrode 9 is moved towards the 
cable shoe 1 1 and presses it down against the smooth supporting surface 40. 

Then, when the brazino orocess start.*; and the fillfir mplts a nurn icnpn<sinn 
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Of the guard ring 21 allows for, for example, a cable shoe 1 1 to be shaped ac- 
cording to the possibly uneven supporting surface 40, in such a way that an 
evenly thick filler column is obtained between the electrically conductive con- 
necting piece 1 1 and the uneven workpiece 40. This owes to the fact that 
when, for example, the cable shoe becomes hot, it also becomes so soft that 
the operator's pressure on the brazing gun, which is forwarded via the guard 
ring, shapes, for example, the cable shoe according to the supporting surface, 
even when this shaping requires a tilt of the guard ring 21 during the shaping 
process. 

Figure 41 shows an electrically conductive connection 1 1 secured to a non- 
planar workpiece 40. Because of the heat, the cable shoe 1 1 has softened 
and has been shaped according to the supporting surface, i.e., the non-planar 
workpiece 40. An evenly thick filler column is obtained between the electrically 
conductive connecting piece 1 1 and the uneven workpiece 40. 

Figure 42 shows how the filler from a cable shoe 1 1 is melted off^ asymmetri- 
cally during the brazing process. The picture shows the carbon electrode 9 
and the short side 20 of the brazing clip. From the underlying middle portion 
24 of the brazing clip, the filler has partially melted off - in this case first from 
the right-hand side of the drawing. This means that the cable shoe 1 1 has had 
a diff'erent angle in relation to the underlying workpiece 12. Thanks to the gyro 
suspension in the brazing gun 7, the guard ring 21 allows this angular diange. 

Figure 43 shows a complete brazing where the filler has melted off completely 
from the underiying middle portion 24 of the brazing clip. The result is that the 
cable shoe 11 has been secured flat against the workpiece 12. The gyro de- 
vice thus allows the fonnation of an evenly thick filler column between the 
connecting piece 11 and the workpiece 12 despite the occurrence of angular 
changes during the brazing process itself between these two parts. 

Figure 44 Is a skle elevational view of a brazing gun 7. and the front portion 
reveals the cartjon electrode 9 partially inserted into the guard ring 21, and 
below, the ring holder 29 and the ring holder's connection tongue 47 for the 
earth cable, and from there an earthing strap 46 to the protective device 45 for 
the earthing strap and in connection to that, an earth cable 44. In the front por- 
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tion, an ejection shell 48 for ejecting the carbon electrode 9 can also be seen. 
On the brazing gun 7 there is a trigger 8 on a handle 41 on whose lower por- 
tion there is a connection 42 for circuitry, and at the very rear there is an end 
portion 43. 

Figure 45 is a side elevational view of a brazing gun 7 with a cross-section of 
its front portion. At the very rear there is an end portion 43, and on the handle 
41 there is a connection 42 for circuitry and a trigger 8. In the front portion, the 
carbon electrode 9 partially inserted in the guard ring 21 can be seen and, 
below, the ring holder 29 and the ring holder's connection tongue 47 for the 
earth cable, and from there an earthing strap 46 to the protective device 45 for 
the earthing strap, and in connection to that, an earth cable 44. Furthemiore, 
the electrode holder 39 and a protective boot 49 can be seen. The protective 
boot 49 is applied between an axis 53 and the front end of the brazing gun 7. 
That way, dirt and gas are prevented from entering into the brazing gun 
through the axial bushing. The drawing also shows that the brazing gun 7 
fomis a right angle with the connecting piece 11. There is no tilt here. The 
drawing also shows an ejection shell 48 which, byway of the ejection tray 52 
allows for ejection of the carbon electrode 9. 

Figure 46 is the same side elevational view of the brazing gun 7 with its front 
portion in cross-section, but with a tilted gyro. At the very rear there is an end 
portion 43, ana on the handle 41 there is a connection 42 for circuitry and a 
trigger 8. In the front portion, the carbon electrode 9 can be seen through the 
guard ring 21 and. below, the ring holder 29 and the ring holder's connection 
tongue 47 for the earth cable, and from there an earthing strap 46 to the pro- 
tective device 45 for the earthing strap, and in connection to that an earth ca- 
ble 44. Also shown are the electrode holder 39 and a protective boot 49 ap- 
plied between an axis 53 and the front end of the brazing gun 7. The drawing 
shows that the gyro is tilted, which means that the brazing gun does not fomi 
a right angle with the connecting piece 11. However, the gyro allows for the 
guard ring 21 to form a right angle with the connecting piece 1 1 of electrically 
conductive material. The drawing also shows an ejection shell 48 which, via 
the ejection tray 52, allows for ejection of the cariaon electrode 9. 



wo 2004/103628 PCT/SE2004/000713 

28 

Figure 47 is an exploded view of the brazing gun's front portion. Visible from 
the brazing gun 7 are an axis 53, a protective boot 49, an electrode holder 39, 
an ejection tray 52. a locking ring 51. a protective device 45 for the earthing 
strap, and after that a friction ring 54. an ejection shell 48, a fixed joint 34, a 
cylindrical, movable middle portion 33. After that a ring holder 29 is shown, 
and a magnified portion of it shows a conical portion 31 and a cylindrical por- 
tion 30, and visible are also the connection tongue 47 for the earth cable, and 
a guard ring 21 and a carbon electrode 9. 

Figure 48 is an exploded view of the brazing gun for brazing with other types 
of brazing pins. The specified parts of the drawing correspond to Figure 47 
except for three details. Between the ejection tray 52 and the locking ring 51, 
there is an adapter 57 making it possible to pin braze, using the same brazing 
gun 7 with the old type of brazing pins 55. In the very front of the brazing gun 
7 there is a brazing pin 55 of another type. This also means that there must be 
a ceramic ring 56 instead of a metal guard ring. By inserting an adapter 57 in 
the electrode holder 39 and then choosing an appropriate formula in the elec- 
tronics unit 2, one can use the present brazing process for the old type of 
brazing pins 55 and connecting pieces where there are no requirements for 
martensite-free brazings. This allows for the same device for brazing to be 
used, which is a great advantage. 

Figure 4S is a back view of 'die brazing gun and it shows a connection 42 for 
circuitry, a handle 41 and furthemiore an instrument for setting the lifting 
height 58 and a scale 59. 

Figure 50 is a front view of the brazing gun and it also shows a connection 42 
for circuitry along with a handle 41 . It also shows the power switch 8 and the 
earthing strap 46, and the ring holder's connection tongue 47 for the earth ca- 
ble and the carbon electrode 9. 

Figure 51 shows a view of the brazing gun 7 with the end portion 43 in cross- 
section, and it shows a hydraulic absorber 64 and the electromagnet 65. The 
brazing gun 7 lifts the carbon electrode 9 with the aid of the electromagnet 65 
and an electric arc 26 is created. 

In the present invention, the orinciole is to comhlnR diffArAnt fimrtinnc anw 
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methods which together can create a new brazing process. The object has 
also been to combine different other methods to be used in the present braz- 
ing process where it is a requirement that the brazing result is free from struc- 
tural changes in the steel, so called martensite-free brazing. Since batteries 
are almost always used as power source for this type of brazing, an overall 
object has been to save energy in every brazing in order to accomplish a 
greater number of brazings per battery before they are recharged. Further- 
more, the present invention will allow for brazing of large-dimension connec- 
tions with a cable of larger diameter, with less energy consumption. By setting 
different formulas in the electronics unit 2, the number of failed brazings is 
kept at a minimum. The brazing process controls and regulates the brazing by 
controlling the current or power over time in every phase of the brazing proc- 
ess: pre-brazing temperature phases, post-brazing temperature phases and 
brazing temperature phase for every specific brazing situation, with, reduced 
time consumption and reduced energy consumption as a result. The process 
automatically attempts to ignite an e)dinguished electric arc over and over 
again until it has been re-ignited and the brazing is completed. Every brazing 
is registered and information is communicated immediately at the brazing 
and/or can be retrieved later. The process handles information in real time 
during the brazing process In such a way that if disturbances occur, for exam- 
p!e, in the electric arc 26, output in time and/or in level is changed so that the 
effect of the disturbance on the final brazing result is reduced or eliminated. 
Temperature disturbances are compensated for. If an electric arc 26 is extin- 
guished, it is restarted automatically. If an electric arc 26 is extinguished and 
cannot be re-ignited, or if no electric arc 26 was ever created, or In case of 
other disturbances that could not be compensated for through a change in 
output or if, for other reasons,- an approved brazing could not be completed, 
the brazing process is Interrupted while the voltage is taken off the gun 7, and 
information about this is communicated to the operator immediately or at a 
later time. In order to protect the electric arc 26 in the brazing process, the 
surface area of the cariDon electrode is impregnated with an oil-based product. 
During the brazing process, the impregnation forms a gas that protects the 
electric arc 26. Between the connecting piece 1 1 of electrically conductive ma- 
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teriai and the brazing clip no flux is needed; since the brazing process is very 
fast in time, no substantial oxidation takes place on the connecting piece's 1 1 
bottom surface or on the filler material. To save filler material, a small brazing 
clip is attached sideways over the connecting piece 1 1 with two clamping tabs 
where there are no protruding comers. Furthemiore, the electrically conduc- 
tive connecting piece 1 1 is knurled and/or blasted, which creates a larger in- 
teri'acing surface, which results in faster absorption of energy and conse- 
quently heating of the connecting piece 11. The energy feed can be reduced 
with the brazing result maintained. The uneven surface results in the electron 
concentration occurring in local peaks, which facilitates for the electric arc 26 
to be ignited and maintained. An initial high temperature of the connecting 
piece 1 1 reduces the risk of the carbon layer 27 later in the brazing process 
coming loose from the supporting surface and coming into contact with the 
electric arc 26. Furthermore, on the connecting piece 1 1 there are one or sev- 
eral small cavities 28 which absorb carbon composition from the environment 
and which act as anchoring points for the carbon layer 27. With the present 
new brazing process, brazing with the old type of brazing pins 65 is also pos- 
sible by placing an adapter 57 in the electrode holder 39. Therefore, the pre- 
sent brazing device can, with a simple change, be used for other methods. A 
protective boot between an axis 53 and a front end of the gun 7 prevents 
penetration of smoke, gas and dirt In order to obtain a repeatable constant 
lifting height for the electrode 9 there is a hydraulic continuous absorber 64 
lifting the electrode 9 more slowly at a controlled lifting speed. The guard ring 
21 is further suspended in a gimballed gyro device, which provides for a safer 
earthing and a more secure brazing on an uneven surface, so that an evenly 
thick filler column is obtained between the connecting piece 1 1 and tiie work- 
piece 12. Even if the operator tilts tiie brazing gun 7 in another angle against 
the connecting piece 11, the central axis of the guard ring 21 will not, because 
of the gyro device, change its angle against tiie suriace of tiie connecting 
piece 11. Furthemiore, the guard ring 21 comprises a mechanical overheating 
protection. When the process builds up surplus heat, the guard ring 21 is sof- 
tened and penetrates by force of pressure deeper into the conical portion 31 
of the ring holder 29, and the distance between the connecting piece 1 1 and 
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the electrode 9 is reduced. Reduced lifting height results in reduction of the 
electric arc's 26 electric resistance. With current maintained, this means re- 
duced power build-up and results in a mechanical overheating protectionr With 
power maintained, the change in resistance of the electric arc 26 is detiected 
by the electronics unit 2 which, in real time corrects the formula accordingly. 

The drawings show only some embodiments of the invention, but it should be 
noted that it can be designed in many different ways within the scope of the 
following claims. 
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CLAIMS 

1 . A method of completing a martensite-free brazing process with controlled 
pre- and post-brazing temperature and controlled temperature of a brazing 
free from detrimental structural changes and martensite formation, of a 
5 connecting piece (11 ) of electrically conductive material with a workpiece 
(12) of electrically conductive material, characterised in that the 
brazing process is divided by time into different phases both before, during 
and after the brazing-temperature phase in which the output of the process 

j 

controlled by pulse duration modulation according to adjusted formulas is 

1 0 allowed to assume different determined constant or varying values control- 
ling and regulating the instantaneous temperature in a braze joint and ad- 
jacent areas so that, in the phases of the pre-brazing temperature, an ini- 
tial fast increase in temperature is produced which subsequently passes 
over to a levelling of the temperature curve in order to obtain a carefully 

1 5 determined brazing temperature, and during the phases of the post- 
brazing temperature, the temperature is successively lowered in order to 
submit the steel material to a controlled cooling at determined levels during 
determined time periods to allow for state transitions in the steel material. 
The process registers disturbances in real time and modifies and adapts 

20 the output formula to compensate for deviations from the desirable tem- 
perature curve during all phases. In case of instantaneous failures of the 
electric arc, the process initiates restart routines for re-ignition, and modi- 
fies the formula to compensate for time losses and fall in temperature. The 
process includes the operator selecting one of a number of different formu- 

25 las adapted to different brazing situations, and the initial temperature of the 
workpiece (12) being taken into consideration at process start for modifica- 
tion of this formula. Process information and other data are collected, 
processed and stored for presentation at the desired moment, and com- 
prises the basis for feedback, alarms, alann-acknowledgement function, 

30 communications (35) and documentation by way of display (3) and exter- 
nal units including programming equipment for modification and comple- 
menting of the formula collection and computer programs. The process 
also encomoasses brazino formulas adaoted to brazina with eauioment 
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and adapters (57) Intended for the older type of pin brazing of different 
worlcpieces, connecting pieces, electrodes (55) and guard rings (56). 

2. A device for the execution of the method according to Claim 1 for complet- 
ing a martensite-free brazing process with controlled pre- and post-brazing 
temperature and controlled temperature of a brazing free from detrimental 
structural changes and martensite fomiation, of a connecting piece (1 1) of 
electrically conductive material with a workpiece (12) of electrically conduc- 
tive material, characterised in that a power source (1 ) feeds the 
current to an electronics unit (2) where input data from different units are 
processed and where input data from the operator together with other input 
data detennine one of a number of different fomriulas for the process out- 
put during the different phases of the brazing process, and when the power 
switch (8) is activated a carbon electrode (9) where only the surface area 
is petroleum-impregnated will short-circuit an electric circuit to a connect- 
ing piece (1 1) of electrically conducive material, preferably a cable shoe, 
and an electromagnet (65) in a brazing gun (7) will subsequently lift the 
hydraulically damped (64) lifting-speed-controlled carbon electrode (9) 
from the surface (25) of the connecting piece (11), the surface being geo- 
metrically prepared by knurling and/or blasting and provided with cavities, 
and an electric arc (26) will be ignited in the direction of the prepared sur- 
face (25) where local ridges and peaks have created electron or electron- 
hole concentrations, and will be maintained and, protected by gases emit- 
ted from the impregnated surface area of the carbon electrode (9), will 
work on the connecting piece (1 1). Material firom the carbon electrode (9) 
is released during the brazing process and settles In a layer (27) on the 
prepared surface (25) of the connecting piece (11) in the immediate vicinity 
of the electric arc (26), where the bond strength, thickness and appear- 
ance of the layer (27) are affected by the preparation of the surface (25). 
Through an electrically conductive guard ring (21) the connecting piece 
(1 1) is given the opposite electric polarity in relation to the carbon elec- 
trode (9). The guard ring (21) is joined with the gun (7) by a gimballed gyro 
in such a way that Incorrect angle of the gun (7) or an angular change of 
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not interfere with the ring's (21) electric contact with, or processing of, the 
connecting piece (1 1) in order to obtain a shaping of the connecting piece 
(1 1) against the workpiece (12) and an evenly thick filler column. The 
guard ring (21), the ring holder (29) and the ring holder's (29) cylindrical 
portion (30), conical portion (31) and stop ledge (32) co-operate in such a 
way that the cylindrical portion (30) directs the insertion of, and prevents 
the guard ring (21) fronn assuming too great a tilt at mounting, while the 
conical portion (31) secures the guard ring (21) by pinching when the latter 
is inserted even if it is tilted by the operator. The parts together comprise a 
mechanical overheating protection which, at an excessive temperature, 
through the operator's pressure produces a shape transitron (50) of the 
guard ring (21) so that it is pressed further into its seat (31), and conse- 
quently shortens the length of the electric arc (26) and reduces its resis- 
tance, which reduces its heat build-up directly through component- 
controlled, or indirectly through formula-controlled limitation of power. The 
stop ledge (32) limits the axial movement of the reshaped guard ring (21) 
in order to avoid too short an electric arc (26). The heat initially built up in 
the process is quickly absorbed by the geometrically prepared surface (25) 
of the connecting piece (11) since the surface-to-mass ratio Is great, and 
initially raises the temperature of the connecting piece (1 1) quickly enough 
for disturt)ing oxide formation between the connecting piece (11) and the 
filler material (18) not to reach a significant level before these parts are 
joined. The heat built up will be transferred to a workpiece (12) through a 
flux and, during slower increase in temperature to intended brazing tem- 
perature, will join the workpiece (12), the connecting piece (1 1) and the 
filler material (18) in a braze joint, whereupon, in accordance with the set 
fomriula. the electric arc (25) is regulated so that the temperature of the 
wori< material (12) falls to a level where a possibly formed martensite struc- 
ture during a certain time is transfomied to another structure. 

3. A device according to Claim 2,characterised in that the connect- 
ing piece's (11) geometrically prepared surface (25) is provided with one or 
several cavities (23) absorbing carbon material from the environment and 
act as anchoring points for the released carbon layer. 
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4. A device according to Claim 2, characterised In that the brazing 
clip (18) with two tabs (19) is partially secured by pinching sideways under 
the connecting piece (11). 

5. A device according to Claim 2, characterised in that, by use of an 
adapter (57) inserted Into the electrode holder (39) and appropriate for- 
mula, the older type of brazing process with metal electrode (55) can be 
realised as well. 

6. A device according to Claim 2, characterised in that the carbon 
electrode's (9) surface area has been petroleum-impregnated whereas the 
short ends (22) have not been impregnated so that when the electric arc 
(26) is started, the temperature increases faster in the connecting piece's 
(11) surface (25) because no impregnator needs to be gasified from the 
end (22) of the electrode, and a better bond strength is consequently ob- 
tained between released carbon layer (27) and the connecting piece (11) 
by the higher temperature and absence of petroleum products on the sur- 
face (25) of the connecting piece (11). 

7. A device according to Claim 2, characterised in that a protective 
boot (49) is applied between an axis (53) and the front end of the brazing 
gun (7). 
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